Aim: In this study, the relationship between the change in the joint line and lateral knee pain was evaluated after primary total knee arthroplasty. Material and method: Between 2005 and 2012, patients who underwent primary total knee arthroplasty were included in the study. Patients having "cruciate retaining total knee arthroplasty" and with a change of the joint line ≥8 mm and patients having "posterior stabilized total knee arthroplasty" and with a change of the joint line ≥5 mm were selected as the study group (group 1, n = 32). A total of 47 patients having similar demographic characteristics with the study group and the joint line changing below the predetermined level or remaining unchanged were included as the control group (group 2). The 2 groups were compared according to the presence of knee pain, the localization and spread of the pain, iliotibial band, tension and pain in the patellar tendon and quadriceps tendon, front knee pain during squatting, VAS pain score, OBER test positivity, Knee Society knee and function score, and general patient satisfaction. Results: There were statistically significant more lateral knee pain (p < 0.001), * Corresponding author.
Introduction
Total knee arthroplasty (TKA) is one of the most successfully performed surgical procedures nowadays. TKA is forming an artificial joint, which the joint surfaces are covered by specially shaped metal and polyethylene. It is widely used in the treatment of excessively worn joint surfaces by osteoarthritis, trauma, age, obesity, rheumatologic disorders and previous cartilage or meniscus surgery. Although the number of patients who underwent surgical procedures has continuously increased in recent years, there is no similar rate of increase in patient satisfaction [1] . Unresolved knee pain after surgery is one of the most encountered reason of this dissatisfaction [2] . Too many studies have been performed about pain. In these studies, many factors such as age, sex, drug use, comorbidities, physiological factors, and knee scores have been evaluated [3] [4] . There are various methods including excision or preservation of the posterior cruciate ligament (PCL) although the anterior cruciate ligament (ACL) is routinely excised in TKA. As the tolerability border is different in prosthesis types including posterior cruciate ligament retaining total knee arthroplasty (CR-TKA) and posterior stabilized total knee arthroplasty (PS-TKA) types, incorrect restoration of the original joint line can cause primarily pain, instability, motion limitation, and joint stiffness [5] .
In some patients, pain is in the form of lateral knee pain. There are publications reporting the significant correlation between iliotibial band tension and lateral knee pain. In addition, it has been reported that this condition can affect the scores and satisfaction after surgery [6] [7] .
In the present study, patients were evaluated in terms of changes in the joint line after TKA. The relationship between the change in the joint line and lateral knee pain was investigated.
Materials and Methods
A total of 748 patient files containing primary total knee arthroplasty information were evaluated in the Department of Orthopedics and Traumatology, Ataturk Training and Research Hospital between November 2005 and June 2012. From these files, 39 containing information about distal displacement of the joint line ≥5 mm in cases with PS-TKA and ≥8 mm in cases with CR-TKA were selected. In the second elimination, 7 patient files containing data such as bilateral total knee arthroplasty, previously diagnosed iliotibial band syndrome, inflammatory arthritis, and gonarthrosis emerged after posttraumatic arthritis, valgus knees, varus knees ≥15˚, and preoperative lateral knee pain were excluded from the evaluation. Remaining 32 patients were accepted as the study group (group 1). From excluded 709 patient files, 47 patients having similar characteristics with the study group were selected and accepted as the control group (group 2).
The mean age of the total population was 69.1 years (age range, 59 -84 years) and the mean follow-up period was 48.5 months (range, 15 -81 months). Forty seven patients were female and 32 were male. The right knee was operated in 44 patients and 35 patients had left knee surgery. Fifty three patients had CR-TKA and 26 had PS-TKA ( Table 1) .
Three different prosthesis brands with the combination of CR-PS TKA and mobile/fixed type insert were used in all patients. Mid-patellar longitudinal incision was used in all cases. For the determination of the joint line change, in postero-anterior knee graphs in full extension before and after surgery, distances between the tips of the medial and lateral epicondyles and the distal femoral joint facet were measured separately ( Figure 1 and Figure 2 ). Among the measurements performed from the both medial and lateral sides before and after surgery, observed change ≥5 mm for PS-TKA and ≥8 mm for CR-TKA were accepted as positive for the joint line change and included in group 1. Cases having a change above the predetermined values only in one measurement (medial or lateral) were excluded. Because the distal femoral incision could be performed with inappropriate varus-valgus degrees and this condition can give incorrect information about the joint line change. The measurements were repeated 3 times by 1 observer taking into account intra-observer variability. The 2 groups were compared regarding knee pain, localization and spread of the pain (in iliotibial band, patellar tendon and quadriceps tendon), the response to anti-inflammatory drugs, the relation to rest and exercise (pain increase with squatting), and general satisfaction. For detecting pain in the patellar tendon, the middle point between the tibial tuberosity and the distal tip of the patella was palpated. For detecting pain in the quadriceps tendon, approximately 2 cm proximal portion of the patellar tip was palpated. The most clearly palpated portion of the iliotibial band over the distal-lateral surface of the thigh was used to detect pain in the iliotibial band. VAS score was used for detecting pain levels.VAS is a psychometric response scale which can be used in questionnaires. It is a measurement instrument for subjective characteristics or attitudes that cannot be directly measured.
In both groups, the tension in the iliotibial band, patellar tendon and quadriceps tendon was evaluated by palpation in comparison with contralateral side. Because of the effect of incorrect restoration of the joint line on extension distance, the tension was evaluated in full extension of the knee and hip. Both groups were compared regarding OBER test, stability, joint range of mobility, and Knee Society (knee and function) Scores (KSS). OBER test is used for test to evaluate a tight, contracted or inflamed iliotibial tract; the patient lies on the uninvolved side and the involved hip is abducted by the examiner as the knee is flexed to 90 degrees; the hip is allowed to adduct passively; the degree of abduction or the production of pain al found on. For continues and categorical variables Student's t test and x 2 test were used, respectively. Cronbach-Alpha test was used for intraobserver variability.
Results
The reliability rate of measurements for determining the change in the joint line of patients in both groups was found to be high (p < 0.001).
There were no statistically significant differences regarding rest pain (p = 0.855), exertional pain (p = 0.322) and pain during squatting (p = 0.761) between the 2 groups. The mean iliotibial band pain VAS score was 4.7 in group 1 compared to 2.2 in group 2 (p < 0.001). In addition, there was no statistically significant difference regarding quadriceps tendon pain (p = 0.873) ( Table 2) .
The iliotibial band tension was detected in 67% of group 1 patients compared to 17% of group 2 patients (p < 0.001). OBER test was positive in 77% of group 1 patients compared to 19% of group 2 patients (p < 0.001). There were no statistically significant differences between the 2 groups regarding patellar tendon tension (p = 0.679) and quadriceps tendon tension (p = 0.832) ( Table 3) .
The requirement rate for intraoperative lateral retinacular relaxation was 18% (6 patients) in group 1 compared to 11% (5 patients) in group 2. This finding supports the notion that lateral knee pain detected as significantly higher in group 1 was not from the patellar source.
In group 1, 21 (65%) patients had flexion contracture of 5˚ -10˚ and 11 (35%) had flexion contracture of 10 -15˚. There was no patient having flexion contracture >15˚. In group 2, 32 (68%) patients had flexion contracture of 5˚ -10˚ and 13 (27%) had flexion contracture of 10˚ -15˚ (Table 4) . Knee extension of 2 (5%) patients having passive flexion contracture of 16˚ -20˚ was achieved up to 10˚ by manipulation. There was no statistically significant difference between the 2 groups regarding flexion contracture. Table 3 . Physical findings and mean scores of 2 study groups. In group 1, 29 (91%) patients had varus-valgus < 5˚, 1 (3%) had 6˚ varus and 2 (6%) had 8˚ valgus on anteroposterior graph. In group 2, 43 (91%) patients had varus-valgus <5˚, 2 (4%) had 6˚ valgus, 1 (2.5%) had 9˚ valgus, and 1 (2.5%) had 7˚ varus on antero-posterior graph ( Table 5 ). There were no statistically significant differences between the 2 groups regarding varus/valgus deformities. There was a homogenous distribution regarding sequence between the groups. This finding rules out the probability of postoperative lower extremity sequence as a factor that will play a role on lateral knee pain and tension.
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There were no statistically significant differences regarding Knee Society knee (p = 0.954) and function (p = 0.955) score between the 2 groups. In group 1, 82% of patients had an intermediate or high satisfaction level compared to 18% with low satisfaction or dissatisfaction level. In group 2, 85% of patients had an intermediate or high satisfaction level compared to 15% with low satisfaction or dissatisfaction level. No statistically significant difference was found regarding satisfaction between the 2 groups.
Discussion
Unresolved knee pain seen in approximately 20% of patients after total knee arthroplasty is a serious complication which can cause medical, social and legal problems [8] . Pain related to patella-femoral joint and extensor mechanism is frequently seen and this condition is in the first place when TKA revision indications of non-infectious cause are handled. For an effective treatment, pathology causing the pain should be diagnosed [9] .
Although studies related to pain after surgery have been found, no sufficient literature studies about localization of pain and related probable pathologies are present. In addition to this, Pandher et al. presented a case with posterolateral knee pain after total knee arthroplasty. They linked this pain to inflammation of the biceps femoris [10] . Bozkurt et al. demonstrated that there was a strong correlation between lateral knee pain and lateral tension. They also reported that lateral hamstring and/or iliotibial band tensions were important reasons of lateral knee pain [6] . Similarly, Can et al. reported that anterior knee pain and lateral tension after total knee arthroplasty significantly and negatively influenced the clinical results [7] .
VAS score is an extensively used parameter for determining pain after surgery. In a study of primary total knee arthroplasty by Brander et al., knee pain of cases was determined using VAS score and at the end of the 1-year follow-up period, the score was 1.7 [11] . Heck et al. also detected similar results using the same method [12] . Bullens et al. performed a similar study with a follow-up period of 5 years and found that VAS score as knee pain was 1.2 [13] . Pleogmakers et al. evaluated the designs of total knee prostheses in their study. They also used VAS score together with many parameters for knee pain and had reported that the mean VAS score for knee pain of patients after surgery was 3 [14] .
In our study, VAS score was used for determining of knee pain of patients. During rest, pain was found to be 2.2 in group 1 compared to 2.1 in group 2. Exertional pain was, however, 3.1 in group 1 compared to 1.9 in group 2 although this difference was statistically insignificant. This higher score could explain pain formation resulted from repetitive flexion-extension movements of the iliotibial band. In addition, significantly higher score of the iliotibial band pain and tension in group 1 and the higher prevalence of patients with OBER test positivity in group 1 supported this idea.
Anatomic restoration of the joint line level during surgery is one of the key factors to provide appropriate connective tissue balance and normal knee kinematics and to obtain satisfactory results after TKA [15] . The majority of studies about this issue have focused on revision TKA more than primary TKA [16] [17] . In our present study, we demonstrated that correct restoration of the joint line in primary total knee arthroplasty was one of the necessary factors for a good clinical result.
There is no standard anatomical measurement technique to use correct identification of the joint line. The distance between anatomical points such as adductor tubercle, medial epicondyle, lateral epicondyle and distal femoral articular facet may be chosen for determining the joint line. The distance between the proximal part of the fibular head or tibial tubercle and proximal tibial articular facet may also be preferred for determining the joint line [18] [19] . In our study, to determine the joint line, we measured distances between the medial and lateral epicondyles and the distal femoral joint surface. To exclude the probability of inappropriate varus or valgus positional incision of the distal femur during surgery, when the 2 measured distances were above the predetermined threshold values it was accepted as a significant change of the joint line.
If the joint line restoration is incorrect after primary or revision TKA, surgical result cannot be good enough than expected. It has been reported that incorrect restoration of the joint line can cause not only instability but also knee pain and motion limitation [20] . In a study by Partington et al. [21] they reported that a change ≥8 mm in the joint line significantly decreased KSS. In a cadaveric study, Martin and Whiteside demonstrated that proximal displacement of the joint line 5 mm anteriorly and proximally could result in midflexion instability of the knee [19] . Konig et al. showed that a 10-mm change in the joint line increased patella-femoral forces by 60% [22] . In addition to these findings, ≥8 mm increase or decrease of the joint line decreased the range of motion by approximately 14˚ and according to lower changes from these levels knee functional scores decreased by 11 points [23] . In a cadaveric study by Fornalski et al. ≥4 mm change in the joint level significantly increased the patella-femoral contact forces. They also reported that especially ≥8 mm change resulted in abnormal loadings. In contrary to this, as defended by Scuderi and Insall [24] , in a retrospective study Selvarajah et al. [25] defended that up to 10 mm, a change in the joint line had no effect on any clinical result.
In our study, with regard to KSS, there was no significant difference between the joint line changing and unchanging groups. In other words, incorrect restoration of the joint line did not affect the clinical score. KSS had a wide field of use in orthopedic literature. It had a high sensitivity to evaluate the patient after primary or revision knee prosthesis [26] . It had also been reported that intra-observer and inter-observer reliability of the test were significantly high. We showed that lateral knee pain and tension in lateral part of the knee significantly increased in patients having change in the joint line. In addition, OBER test positivity rate significantly increased in joint line changing group. According to our results, a pre-specified change of the joint line had no effect on general satisfaction and knee scoring but this condition could cause some specific complaints such as lateral knee pain and lateral tension.
There are some limitations of our study. First, the study has a retrospective nature. Second, conversion of pain has the characteristic of subjectivity to numeric values. Third, some parameters such as tension tests have no quantitative values and they are presented as absent or present. Further studies including examined criteria and new scoring systems are needed to achieve more objective results.
Consequently as in all surgical procedures, total knee arthroplasty has important and critical steps such as correct restoration of the joint line. In our study, we demonstrated that distal displacement of the joint line had no effect on functional scores, patient satisfaction and anterior knee pain. In addition, founded significant relationship between the change in the joint line and the lateral knee pain and tension was thought to be a condition that should be considered.
